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ABSTRACT 
HUMAN IMPACTS ON FIRE IN DE SOTO 
NATIONAL FOREST, MISSISSIPPI, U.S.A. 
by Charles Raymond White 
August 2015 
 Fire is a common occurrence in the longleaf pine (Pinus palustris) forests of the 
Southeast United States. Prescribed fire is used to manage these threatened ecosystems, 
but information regarding historical fire activity is unknown. My goals were to determine 
the historical fire regimes in De Soto National Forest (DSNF), southern Mississippi, and 
determine the influence of climate and land use history on fire activity at two study sites: 
Fern Gulley Ridge (FGR) and Death Scar Valley (DSV). The composite mean fire 
interval during the prescribed burning period (1980–2013) was 3.4 years. During 
settlements periods, fire intervals at FGR and DSV were as frequent as 1.7 years and 1.9 
years, respectively. Hence, the historical fire regime was more frequent than the current 
schedule of prescribed fire designed to emulate past fire activity. Evidence of biannual 
burning was found at both sites, indicating up to three fires burned in a 12–15 month 
period likely caused by land use practices (i.e. logging, cattle herding). A significant (p < 
0.05) albeit weak association between broad-scale Pacific and Atlantic Ocean oscillations 
were found, which suggests fire-climate interactions were masked by heavy 
anthropogenic land use over the past several centuries. Based on fire regime information 
gleaned in this study, burning the forest at a 2–3 year interval would be the first step 
towards simulating historical landscape conditions and fire activity. 
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CHAPTER I 
INTRODUCTION 
1.1 Overview 
 
 This study examined fire history in De Soto National Forest (DSNF) using 
dendrochronology to explore the relationships of fire history with climate and land use. 
Dendrochronology has been implemented in the past to determine the date and extent of 
wildland fire disturbances through the examination of annual growth rings (Harmon 
1982; Swetnam and Baisan 2003). Previous fire history studies completed throughout the 
United States (U.S.) in places such as Arizona (Grissino and Swetnam 2000), Nevada 
(Kilpatrick et al. 2013), California (Beaty and Taylor 2001; Taylor and Skinner 2003), 
Maryland (Shumway, Abrams, and Ruffner 2001), Arkansas (Stambaugh, Guyette, and 
Putnam 2005), and Louisiana (Stambaugh, Guyette, and Marshall 2011) have often 
attempted to correlate climatic factors or stand dynamics with fire history. This study 
compared the fire history in DSNF to climate and land use in southern Mississippi.  
1.2 Wildland Fire 
 Wildland fires are dependent on biomass availability, moisture content of the 
biomass, and ignition sources. Research suggests that an increase in precipitation in years 
prior to a fire event leads to more biomass availability (i.e. climate preconditioning). A 
decrease in precipitation the year of a fire event creates the dry environment necessary for 
a fire to occur (Brown 2006; Guyette et al. 2006; Harley et al. 2014). If the first two 
factors are present, an ignition source will be more likely to start a wildland fire and that 
fire is more likely to carry across the landscape because of the abundance of dry fuels. 
Lightning and people are the most common ignition sources of wildland fire. In southern 
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Mississippi, Native Americans set fires prior to the Scot-Irish settlement of DSNF in the 
early 1800s, a tradition that was a carried on by Scot-Irish into the 20th century (Earley 
2004). Today, prescribed burning and lightning are common ignition sources in DSNF 
(De Soto Ranger District 2011). 
 There are two main phases that must occur in order to have a fire event. The first 
is the preignition phase, which is the initial heating of fuel (Pyne 1984). In the forest, the 
fuel could be down woody materials, grasses, or pine needles. The second phase is 
combustion which is a process by which chemical energy stored in the fuel source is 
transformed into heat and motion. The transition between the two phases is the point of 
ignition. The preignition, ignition, and combustion stages are required for a fire to occur 
(Pyne 1984).  
1.3 Climate-Fire Relationship 
 The required factors discussed in the previous section describe the relationship 
between wildland fire and climate. Higher moisture levels in the years prior to a fire 
event result in more forest growth, creating more biomass available to burn. Lower 
moisture levels in the year of a fire event create a dry environment necessary for ignition 
(Pyne 1984). Research suggests that the frequency and intensity of wildland fires are 
affected by global and regional climatic factors (Brenner 1991; Beckage et al. 2005; 
Bowman et al. 2009). Global climatic cycles such as El Niño Southern Oscillation 
(ENSO), Pacific Decadal Oscillation (PDO), and Atlantic Multidecadal Oscillation 
(AMO) can influence fire regimes in the contiguous United States by affecting annual 
precipitation amount (Kitzberger et al. 2007).  
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 The global climate cycles listed above have a range of several years to decades. 
Cycles of ENSO occur every 2–7 years with atmospheric pressure and sea-surface 
temperature (SST) anomalies in the equatorial Pacific (Diaz and Markgraf 2000). PDO 
cycles occur every 20–30 years with atmospheric SST anomalies in the northern Pacific 
Ocean (Mantua et al. 1997). Finally, AMO cycles occur on a 50–70-year oscillation with 
SST anomalies in the northern Atlantic Ocean (Kerr 2000). The aforementioned broad-
scale ocean-atmosphere oscillations can affect weather and climate patterns across the 
globe, potentially leading to the creation of fire weather. 
1.4 Settlement and Fire Relationships 
 The land use history and forest type also have an effect on the historical fire 
regime. DSNF is home to some of the last pockets of old-growth Pinus palustris Mill. 
(hereafter longleaf pine) ecosystems remaining in the Southeast U.S. Hardwood forests 
dominate the floodplains in DSNF while longleaf pine is present on the uplands. In 2011, 
longleaf pine was present on approximately 150,000 acres out of 210,000 acres of its 
natural habitat in DSNF (De Soto Ranger District 2011). A healthy longleaf pine forest 
has tall trees in the canopy with grasses and shrubs in the understory creating an open 
savanna landscape. Frequent fire helps preserve the savanna landscape by reducing the 
understory and allowing the fire resistant longleaf pine trees to dominate the canopy 
(Oswalt et al. 2010). Longleaf pine first established itself in the Southeast around 8,000 
years before present (Watts, Hansen, and Grimm 1992) spreading due to natural and 
anthropogenic fire interactions (Landers, Van Lear, and Boyer 1995).  The longleaf pine 
savanna established and expanded from approximately 7,500 years ago to 5,000 years 
ago (Delcourt and Delcourt 1985; Owen 2002).  
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 In recent centuries, Native Americans burned the forest in order to create a more 
desirable and open landscape. Fire reduced the numbers of insects (i.e. chiggers, ticks, 
and other pests) and made travel less difficult. This practice was passed on to Europeans, 
and it became a tradition in Southern culture. Frequent fire intervals help preserve and 
spread the longleaf pine ecosystem (Brockway and Lewis 1997). Longleaf pine once 
towered over forests from Virginia to Texas covering an estimated 92 million acres (Frost 
2006). In 2010, the U.S. Forest Service estimated that a mere 3.3 million acres of longleaf 
pine are in existence in the U.S. today (Oswalt et al. 2010).  
 The longleaf pine trees that towered over the landscape when Europeans arrived 
were logged extensively beginning in the 1880s to supplement a lack in available timber 
in the Midwest and Northeast. Prior to this time, the forests of south Mississippi were not 
exploited broadly (Earley 2004). The main industry in the area was open range cattle 
herding. As demand grew, the strong heartwood of longleaf pine became desirable for 
lumber, leading to extensive logging (Earley 2004). The establishment of DSNF 
coincides with forest-management practices that included fire-suppression and the 
establishment of loblolly pine (Pinus taeda) and slash pine (Pinus elliotti). Loblolly and 
slash pines grow faster than longleaf pine, creating a quicker turnover for logging 
practices. In the 1980s, the conservation and re-establishment of longleaf pine was 
implemented including the use of prescribed burns (De Soto Ranger District 2011).  
Currently, prescribed burning is performed throughout DSNF as a part of the forest 
management plan (USDA 2012). Recently, these efforts have been financed through the 
Collaborative Forest Landscape Restoration Program (CFLRP). Through the CFLRP, 
over 50,000 acres of forested land in De Soto was treated with prescribed fire during 
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2012 (De Soto Ranger District 2013). This effort attempts to simulate the natural fire 
regime in order to protect and preserve the longleaf pine ecosystem. 
 The continuous and aggressive decline of the longleaf pine ecosystem in the 
Southeast is of concern to the U.S. Forest Service along with environmental groups. The 
longleaf pine ecosystem is labeled as threatened in South Mississippi, and DSNF is home 
to endangered species such as the red-cockaded woodpecker and the gopher tortoise that 
live in the ecosystem (De Soto Ranger District 2011). By looking into the past, we can 
see how fire interacted with this landscape. A more detailed understanding of this 
interaction can help forest managers plan a more efficient prescribed fire schedule.  
1.5 Goals and Objectives 
 The goal of this research is to determine the historical fire regimes in De Soto 
National Forest and determine how climate and settlement history have affected them. 
The most recent fire history completed in a longleaf pine forest in the region was 
conducted in Kisatchie National Forest, Louisiana (Stambaugh, Guyette, and Marshall 
2011). The study presented here is the first fire history completed in the state of 
Mississippi. The results can be used by forest managers to better understand the historical 
and natural fire regimes. The climate-fire relationship can be used to predict periods of 
increased fire risk. The limited amount of remnant material available due to a frequent 
fire regime and stump removal has made this project more difficult (Grant 2005). 
 I used an explicit strategy to identify potential site locations for this study. First, 
because previous logging practices removed many of the stumps and used them in the 
turpentine industry (Grant 2005), I targeted sites that actually contained stumps. Second, 
I targeted areas that have not experienced burning in the recent past, as these areas were 
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more likely to contain older remnant stumps that have not been destroyed by fire. After 
speaking with forestry personnel at DSNF and scouting areas, I was able to identify two 
sites that fit the criteria. At these sites, I collected cross-sections from living trees and 
remnant stumps. These samples were analyzed to address the following questions: 
(1) What was the historical fire regime (i.e. frequency, seasonality, spatial extent) 
in the longleaf pine ecosystems of De Soto National Forest? 
(2) Did synchronous fires burn between study sites and if so, has fire 
synchroneity changed through time? 
(3) Are there differences between the pre- and post-settlement period fire 
regimes? 
(4) What are the climate drivers of wildfire in southern Mississippi? 
To answer these questions, several objectives were identified. The first objective was to 
determine the historical fire regimes of DSNF. The second objective was to determine the 
historical patterns in the fire regimes as well as the seasonal patterns. The land use and 
settlement of the area was explored to determine its effect on fire frequency. Spatial 
extent of fires was analyzed to determine how the size of fires can change between time 
periods and seasons. The last objective was to determine how climatic factors, 
specifically, global patterns of ENSO, PDO, and AMO and regional patterns contribute to 
the fire patterns. . 
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CHAPTER II 
LITERATURE REVIEW 
2.1 Introduction 
 
The relationship between fire, people, and climate has been investigated 
throughout the U.S. Historically, there has been a higher concentration of fire history 
research located in the western U.S. (e.g. Touchan, Swetnam, and Grissino-Mayer 1995; 
Grissino-Mayer and Swetnam 2000; Kitzberger et al. 2007; Schoennagel et al. 2007; 
Rother and Grissino-Mayer 2014), but studies have become more prevalent in the 
Southeast more recently due to the realization that historical fire was prevalent in the 
region. Studies in the last ten years have been performed in Virginia (Lafon and Grissino-
Mayer 2007; Aldrich et al. 2010), Florida (Henderson et al. 2006; Harley et al. 2014), 
Georgia (Dye 2013), and Arkansas (Guyette et al. 2006) among others. This section will 
discuss selected studies exploring the relationship between climate and fire throughout 
the 2012 
2.2 Climate, Fire, and Drought United States 
2.2.1 Introduction 
 This section of the literature review is designed to show how long-term climatic 
cycles can influence drought and thereby influence wildfires. The effects of drought, 
specifically those caused by ENSO, PDO, AMO, and Interdecadal Pacific Oscillation 
(IPO), on the frequency of wildfires is well-documented (Brenner 1991; Beckage et al. 
2005; Kitzberger et al. 2007; Bowman et al. 2009). The climatic cycles listed above are 
indirectly related to fire frequency in the U.S. through their influence on drought 
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conditions. (McCabe, Palecki, and Betancourt 2004; Brown 2006; Kitzberger et al. 2007; 
Schoennagel et al. 2005, 2007; Heyerdahl et al. 2008). 
2.2.2 The Impact of PDO and AMO on drought frequency in the United States by 
McCabe, Palecki, and Betancourt (2004) 
McCabe, Palecki, and Betancourt (2004) was concerned with how SST anomalies 
associated with AMO and PDO influenced drought frequency in the United States. They 
found that a positive phase (warm phase) of AMO combined with a negative phase (cool 
phase) of PDO typically resulted in widespread drought throughout most of the country. 
PDO and AMO can explain approximately half of the spatial and temporal variation of 
drought frequency in the contiguous United States. The authors concluded that if a 
positive phase of AMO persists, drought frequency would continue to increase in the 
United States. The results of the study help explain some of the variance in wildfire 
occurrence. Drought decreases the amount of water availability and increases the 
likelihood of ignition.  
2.2.3 Climate effects on fire regimes in Black Hills ponderosa pine forests by Brown 
(2006) 
 Brown (2006) searched for a link connecting PDO, AMO, and ENSO with 
wildfire in a ponderosa pine forest. Using Superposed Epoch Analyses (SEA), he 
examined these relationships in the Black Hills of southwestern South Dakota and 
northeastern Wyoming. He compared reconstructions of precipitation, ENSO, PDO, and 
AMO with regional fire years in the study area. Negative phases of ENSO (La Niña) 
were present during regional fire years and fewer fires occurred in positive phases. 
Additionally, fire frequency increased more if a negative phase PDO and a positive phase 
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AMO accompanied a negative phase of ENSO. The fewest fires occurred using a 
reciprocal combination of climatic patterns. 
2.2.4 The effect of climate on subalpine fire occurrence, western Colorado (USA) by 
Schoennagel et al. (2007) 
Schoennagel et al. (2007) also examined how wildfire occurrence was affected by 
broad scale climatic patterns. They chose to focus on how ENSO, PDO and AMO phases 
affected wildfire occurrence, but did so in a subalpine forest in western Colorado. The 
authors reconstructed the fire history of the area and then analyzed the interannual 
relationships between wildfires and climate. They used both SEA and Bivariate Event 
Analysis (BEA) to examine these relationships. SEA was used for interannual or short-
term relationships and BEA was used for longer-term relationships. The authors were 
able to determine that a negative ENSO combined with a negative PDO and a positive 
AMO created an environment most conducive for wildfires. These results support the 
findings of Brown (2006) and suggest that these broad scale climatic patterns have a 
similar effect on different forest types over the western region of the United States. 
2.3 Land-use Change and Wildfire in the Southeast 
2.3.1 Introduction 
Fires that were both naturally ignited and induced by Native Americans were 
witnessed by explorers such as Hernando de Soto in the 16th century (Sheppard 2001) and 
William Bartram just prior to the American Revolutionary War (Harper 1998). A lack of 
timber availability in the North U.S. following the Civil War led lumbermen to the 
largely untapped pine barrens of the South. The majority of the longleaf pines that are 
native to DSNF were removed in the decades following the 1880s (Earley 2004). The 
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subsequent re-establishment of pine species other than longleaf pine helped create the 
man-made forest structure seen today (De Soto Ranger District 2011). The story across 
the southeast is highly localized as different people had different uses of the land.  
2.3.2 Fire history of the westernmost portion of Great Smokey Mountains National Park 
by Harmon (1982) 
Harmon (1982) investigated the historical fire regime of the westernmost part of 
Great Smoky Mountains National Park and its relationship to the human settlement of the 
area. The forests in this area were predominantly pine, but longleaf pine did not inhabit 
the study area. Fire scars from living and dead material were present in 88% of 0.1 
hectare plots. Mean wildfire occurrence in the area was 12.7 years from 1856 to 1940 and 
was most frequent at lower elevations. Following this time period, fire suppression has 
decreased the occurrence of fire. Harmon (1982) found that Euro-American habitation 
was a strong influence on fire in the area and theorized that Native Americans likely had 
an impact on the fire regime as well though he was unable to acquire data old enough to 
investigate the relationship.  
2.3.3 Longleaf pine (Pinus palustris Mill.) fire scars reveal new details of a frequent fire 
regime by Stambaugh, Guyette, and Marshall (2011) 
Stambaugh, Guyette, and Marshall (2011) set out to study the fire regime present 
within Kisatchie National Forest in central Louisiana near the Red River. They collected 
19 remnant pine samples exhibiting evidence of fire scaring and visible tree rings within 
a longleaf pine stand where a cluster of samples had been identified. Additionally, 17 
increment cores were obtained from living longleaf pines to help with dating the remnant 
wood. The fire scars were dated using standard dendrochronological methods and the 
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time of year (earlywood, latewood, or dormant season) was determined if possible. Tree 
rings from remnant wood were dated from 1587–1905. A total of 190 fire scars were 
identified of the remnant samples representing 120 fire events from 1650 to 1902. From 
1650 to 1713 the mean fire return interval was 3.2 years. The MFI decreased slightly to 
3.3 years from 1714 to 1790 coinciding with the settlement of the Natchitoches and then 
increased to 1.3 years from 1791 to 1880 as the population of the area increased. There 
were several occurrences of biannual burning in the 19th century. The phenomenon of 
biannual burning had not been recorded previously through fire scars. 
2.3.4 Fire History of a Barrier Island Slash Pine (Pinus elliottii) Savanna by Huffman et 
al. 2004 
 Huffman et al. (2004) wanted to know if fire regimes on barrier island slash pine 
savannas would mimic those of longleaf pine savannas on the mainland. They completed 
this study on Little St. George Island on the northern Gulf Coast of Florida. This island is 
undeveloped with the only significant land use being turpentine extraction. Inhabitants of 
the island prevented fires when it was possible. They found that the fire interval prior to 
1962 was around 4.1 fires per year. There were two turpentine periods where no fire scars 
were recorded, but historical records indicate that trees were protected from fire during 
these periods. Fire suppression was more prevalent in more recent years resulting in a 
nine year fire interval. The historical fire regime with minimal human interaction was 
short and occurred in the growing season similar to that of the mainland.  
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2.3.5 Fire history, related to climate and land use in three southern Appalachian 
landscapes in the eastern United States by Flatley et al. (2013) 
Flatley et al. (2013) investigated fire history at three sites in the southern Appalachian 
Mountains in North Carolina and Tennessee. They found that low to moderate intensity 
fires likely occurred frequently in this region. Some trees were scarred as many as 13 
times. The fire frequency in the area was calculated to be 8–13 years, which is similar to 
Harmon (1982). In contrast to the previous studies, land use was not a significant factor 
in the fire history prior to the fire suppression period (1920–2009), which coincides with 
a decrease in fire frequency. The fire record at one site did precede European settlement 
of the area with a high frequency suggesting that Native Americans were previously 
causing fires with or without intent. They also investigated the relationship between fire 
and drought using PDSI similar to Stambaugh, Guyette, and Marshall (2011), but did not 
find a significant relationship.   
2.4 The Climate-Fire relationship in the Southeast 
2.4.1 Introduction 
Climate-fire relationships have been investigated in the Southeast commonly 
using Superposed Epoch Analysis (SEA) to analyze the relationship. Studies have been 
able to find a relationship with negative phases of ENSO and PDO along with positive 
phases of AMO resulting in a drought. An opposite combination of global oscillation 
phases in the years prior to large fire events indicates more precipitation. An increase in 
precipitation in the years prior results in more growth in the forest providing more fuel 
for fires during dry periods (Guyette et al. 2006). Other factors such as island size 
(Harley et al. 2014) and anthropological influences (Guyette et al. 2006) also have an 
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effect on wildfire occurrence. These studies found climate to have an influence on fire 
history in the Southeast.  
2.4.2 Fire Synchrony and the Influence of Pacific Climate Variability on Wildfires in the 
Florida Keys, United States by Harley et al. (2014) 
Harley et al. (2014) examined the climate-wildfire relationship on two islands in 
the lower Florida Keys attempting to also determine if island size might influence the fire 
regimes. Fire years from 1818 to 1924 were fairly synchronous between the two islands. 
After 1924, there were no synchronous fires between the islands. The study suggested 
that there was not a significant relationship between fire and climate on the smaller of the 
islands. On the larger island, SEA suggested that negative phases of ENSO and 
Interdecadal Pacific Oscillation (IPO) were present one year prior to fire events while 
positive phases were present three years prior. These results are once again similar to 
previous studies suggesting that drought reducing water availability results in an increase 
of wildfires. 
2.4.3 Historic fire regime dynamics and forcing factors in the Boston Mountains, 
Arkansas, USA by Guyette et al. (2006) 
Guyette et al. (2006) attempted to describe the fire regime of an oak-pine forest in 
the Boston Mountains of Arkansas and how this fire regime was affected by climate, 
topography, and humans. Samples including cross-sections from shortleaf pine tree, cut 
stumps, and remnants were collected at 3 different sites (Gee Creek, Gobblers Knob, and 
Falling Waters). A total of 86 samples were collected and processed representing a record 
spanning from 1587 to 2003. There were 281 fire scars identified on the samples with 
burn dates from 1608 to 2000. During the period of low human activity before 1680, the 
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fire return interval was 34.7 years. The fire interval decreased markedly from 1810 to 
1920 as more people populated the area to less than 2.5 years, but increased again to 26.0 
years afterwards as population decreased. The authors also found that fires were more 
likely to occur during years of drought. An analysis of AMO and ENSO, which influence 
drought, was used to help explain the Boston Mountain fire regime. Negative phases of 
ENSO and positive phases of AMO were present during fire years along with prior-year 
wetter conditions. Guyette et al. (2006) were able to confirm that climate and human 
influence were the most significant factors influencing fire in their study area.  
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CHAPTER III 
HUMAN IMPACTS ON FIRE IN DE SOTO 
NATIONAL FOREST, MISSISSIPPI, U.S.A. 
3.1 Introduction 
 De Soto National Forest (DSNF) is home to approximately 210,000 acres of the 
historical range of longleaf pine (Pinus palustris) savanna. In 2011, over 70% of the 
historical range in DSNF had longleaf pine present (De Soto Ranger District 2011). The 
historical range in the southeast was 92 million acres (Frost 2006) but only 3.3 million 
acres remain (Oswalt et al. 2010). The longleaf pine forests that towered over the 
landscape when Europeans first settled in DSNF rarely resemble the stands left today. An 
increase in construction during the Industrial Revolution beginning in the 1880s caused 
the demand for lumber to rise. At this time, most of the longleaf pine forests of the 
southeastern United States were relatively untapped. The strong heartwood of longleaf 
pine made it particularly desirable among the population for lumber (Earley 2004). The 
open savanna landscape is difficult to find currently despite the efforts of the De Soto 
Ranger District to preserve and spread the longleaf pine ecosystem. The longleaf pine 
ecosystem is considered threatened in DSNF and is home to some of the last natural 
habitats of the red-cockaded woodpecker (Picoides borealis) and the gopher tortoise 
(Gopherus polyphemus) (De Soto Ranger District 2011). These species depend on the 
landscape created by frequent fire intervals (Tesky 1994; Innes 2009). 
 The relationship between wildfire regimes and climatic factors on global and 
regional scales has been documented through many studies (Brenner 1991; Beckage et al. 
2005; Bowman et al. 2009). Cycles of sea surface temperature (SST) anomalies that 
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influence global precipitation cycles such as El Niño Southern Oscillation (ENSO), 
Pacific Decadal Oscillation (PDO), and Atlantic Multidecadal Oscillation (AMO) can 
cause fluctuations in fire regimes (Kitzberger et al. 2007). The relationship between 
global oscillations is more apparent in the western United States (U.S.) (Swetnam and 
Baisan 2003; Schoennagel et al. 2007) than in the Southeast, but there is still evidence of 
a fire-climate relationship (e.g. Guyette et al. 2006; Stambaugh, Guyette, and Marshall 
2011; Harley et al. 2014). Fire event years are correlated with AMO and ENSO in the 
Boston Mountains of Arkansas (Guyette et al. 2006). A similar relationship was found by 
Harley et al. (2014) in the Florida Keys to PDO and the Interdecadal Pacific Oscillation 
(IPO). Relationships between anthropogenic practices and fire have been discovered in 
the southeast more commonly than relationships with climate (Stambaugh, Guyette, and 
Marshall 2011; Huffman et al. 2004). 
 Longleaf pines are highly adapted to fire during almost all stages of its life cycle. 
Fire is a necessary process for the germination of longleaf pine seeds. The seeds must 
have direct contact with the mineral soil that can be covered by the duff layer.  If a fire 
has not occurred within a year prior to the seeds falling, germination becomes less likely 
to occur. The resin-filled pine needles covering the forest floor provide fuel for quick 
burning low intensity fires (Carey 1992). Once geminated, the root system begins to take 
hold. Longleaf pines generally have minimal stem even one year after germination. This 
stage of growth is considered the grass stage (Boyer 1990).  
Grass-stage seedlings are resistant to fire only once the root collar diameter has 
reached at least 0.8 cm. Grass-stage seedlings at this size can regenerate from the root 
system even if the exposed portion of the seeding is destroyed. The terminal bud (apical 
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meristem) is also designed to help protect the seedling from fire. Long needles tuft 
around terminal bud creating a moist buffer from fire. When fire occurs, the water that 
accumulates within the group of pine needles that protect the terminal bud evaporates 
creating steam. This steam redirects heat away from the terminal bud (Carey 1992).  
When the root collar diameter reaches 2.5 cm, the seedling will begin to grow vertically. 
At this stage, the seedling is more susceptible to fire. Usually following just one growing 
season, the terminal bud will have reached a height (0.6 to 0.9 m) above the average fire. 
At the same time, bark thickness will be reaching a level high enough to protect the 
cambium from fire. As the tree grows, the bark thickness will continue to increase 
protecting the tree further (Boyer 1990).  
 Prescribed burning has been used in DSNF as a method to preserve and spread 
longleaf pine since at least the 1980s (U. S. Department of Agriculture 2012). The current 
efforts have been financed through the Collaborative Forest Landscape Restoration 
Program (CFLRP). In 2012, over 50,000 acres were treated with a prescription burn in an 
effort to simulate the historical fire regime (De Soto Ranger District 2013). Forest 
managers currently are simulating an estimate of the natural fire regime. The results of 
this study will provide evidence of the true natural fire regime.  
 This study aims to answer the following research questions while attempting to 
determine the magnitude of climate and anthropogenic influences on fire in DSNF:  
(1) What was the historical fire regime (i.e. frequency, seasonality, spatial 
extent) in the longleaf pine ecosystems of De Soto National Forest? 
(2) Did synchronous fires burn between study sites and if so, has fire 
synchroneity changed through time? 
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(3) Are there differences between the pre- and post-settlement period fire 
regimes? 
(4) What are the climate drivers of wildfire in southern Mississippi? 
3.2 Methods 
3.2.1 Study Site 
De Soto National Forest (Figure 1) is located in southeastern Mississippi, with the 
main office being located in Wiggin, MS (30° 51' 2.41"N, 89° 9' 25.66"W). The De Soto 
Ranger District and the Chickasaw Ranger District are both part of De Soto National 
Forest (De Soto Ranger District 2011). This study will focus within the De Soto Ranger 
District. The De Soto Ranger District covers approximately 2,000 km2 extending from 
Biloxi, MS north to Hattiesburg, MS, and from Lumberton, MS east to State Highway 57 
(Figure 1). This region represents one of the most suitable habitats existing for the 
longleaf pine ecosystem. Prescribed burning along with other methods are used 
extensively to preserve and expand the area of longleaf pine stands within DSNF (De 
Soto Ranger District 2013). Approximately 60% of the De Soto Ranger District has been 
treated with prescribed burning from 2010 to 2013 (Figure 1). 
  
Figure 1. The date of the most recent prescribed burn is shown for all areas of federally 
managed land in the De Soto Ranger District.
 
 
 
  
19 
 
20 
 
 
Following the Revolutionary War, the area was under control of the United States. 
The Treaty of Mount Dexter in 1805 ceded the southern portion of Choctaw territory to 
the United States government opening the door for settlement (Barnett 2012). Rapid 
settlement occurred after the Choctaws vacated the area. The first census taken in Perry 
County revealed 2,037 inhabitants in 1820. There was a slow and steady growth that 
persisted through 1880 (population of 3,427) followed by two decades in which the 
population doubled in size (1890 —6,494; 1900—14,682) (Forstall 1996). The first 
European inhabitants were of Scottish-Irish decent migrating from upland regions of 
Georgia and the Carolinas of low-socioeconomic status. The main industry they brought 
with them was open range cattle herding. The open savanna of the longleaf pine 
ecosystem was perfectly suited for grazing (Hickman 1962). The hunters and herdsmen 
burned the forest to keep the desirable open landscape (Earley 2004).  
Following the Civil War, turpentine extraction also became an important 
economic activity along with logging (Hickman 1962). The extraction of turpentine left 
resin on the tapped trees providing a fire accelerant. The presence of resin sometimes 
results in intense fires as high as 6 m off the ground. The fear of these fires destroying the 
lumber crop caused logging operations to quickly cut what they could before a fire 
destroyed the crop (Earley 2004). As logging progressed into the early 1900s, the virgin 
timber that was desired by both the naval store and logging industries was becoming 
scarce. Further to the east, some companies were processing virgin stumps to produce 
turpentine. Hercules, Inc. in Hattiesburg, MS was well known for collecting virgin 
stumps for turpentine extraction (Grant 2005). This practice has resulted in the dearth of 
old remnant material in DSNF.  
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Figure 3. Palmer Drought Severity 
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the spring of 2014 so it has a more open landscape compared to the second study site, 
Death Scar Valley (DSV). Topography at the DSV site (30.954°N, 89.036°W) was 
similar to FGR, with dry soils and rolling hills, but the terrain was noticeably less 
variable. DSV had thick underbrush that presented difficulties of traversing through the 
site. Hence, the DSV was last burned in 1996. FGR and DSV cover approximately 4.5 ha 
and 2.5 ha, respectively. 
3.2.2 Field Methods 
Fire scars on partial cross-sections of living trees and full cross-sections of 
remnant material obtained from FGR and DSV were obtained using a chainsaw (Arno 
and Sneck 1977). A targeted sampling method was used at each site to identify trees and 
stumps to be sampled. Samples were selected based on the amount of preserved fire scars 
and proximity to other samples. The goal was to choose a well-distributed set of samples 
to represent fire across the broadest area possible at each study site. The location of each 
sample was recorded with a GPS unit in order to address the spatial distribution of past 
fires. 
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Figure 4. The three images show examples of the study site and field collection. The 
image on the right is of a stump that has already been sampled (DSV29). The dense 
understory at DSV can be seen in the background. The sample is shown in the top left 
image. The bottom left image is an example of how the forest might have looked 
historically. 
 
3.2.3 Laboratory Methods 
Standard dendrochronological methods were implemented to sand the fire-scarred 
samples to a high polish (Orvis and Grissino-Mayer 2002). The samples were scanned on 
an Epson Expression 11000XL Scanner at a resolution of 1200 dpi.  The ring widths of 
each sample were measured to the nearest 0.01 mm using WINDENDRO software. A 
reference chronology has already been developed for DSNF. The reference chronology 
was used to visually crossdate via skeleton plotting the annual growth rings present in the 
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samples from each site (Stokes and Smiley 1968). Using the computer program 
COFECHA, the accuracy of visual crossdating was statistically verified by checking for 
crossdating errors that might be caused by locally absent rings or false rings (Holmes 
1983, Grissino-Mayer 2001a). The fire scars within each sample were identified as areas 
showing callus tissue and dated using the calendar year that each fire scar occurred. The 
season of each fire was identified as beginning earlywood (E), transition wood (T), 
latewood (L), or dormant (D) season (Huffman et al. 2004). Beginning earlywood was 
defined as the first two-thirds of the earlywood, transition wood is the last one-third of 
earlywood and the first one-third of latewood, and latewood is the last two-thirds of 
latewood. 
3.2.4 Statistical Methods 
The year of all fire scars were recorded and the percentage of samples that have 
been scarred by the same fire were calculated to determine the relative extent of each fire. 
The categories used for relative extent were: at least one sample, ≥ 25%, and ≥ 50%. 
FXH2 software was used to calculate Weibull median probability intervals (WMPI) and 
mean fire interval (MFI) statistics (Grissino-Mayer 2001b). This study considered the 
time periods discussed above: pre-logging (prior to 1880), logging era (1880-1935), fire 
suppression and establishment of loblolly and slash pine (1936-1967), and the most 
recent time period with an increase in forest management through prescribed burning 
(1980-present). Student’s t-tests were implemented to compare these defined periods with 
the MFI.  
 We compared regional and broad-scale climatic conditions to fire occurrence in 
DSNF. PDSI, temperature, and precipitation were used as regional indicators of climatic 
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conditions while AMO, ENSO, and PDO represented climate on a broader scale. 
Superposed epoch analysis (SEA) was used to compare the indices with years where fire 
has occurred using the computer program FHX2 (Baisan and Swetnam 1990; Grissino-
Mayer 2001b). SEA is a statistical technique that can be used to quantify the relationship 
between fire events and climate indices. SEA uses the climate indices that represent the 
conditions before, during, and after a fire event. Since fire generally follows wetter years 
and occurs in drier years, we used a 3:1 window (3 years before, 1 year after) in SEA 
analysis (Harley et al. 2014). The SEA analysis was performed using each level of fire 
extent as well as with the total fire output. Monte Carlo simulations were used to examine 
the difference in climate before, during, and after a climate event (Swetnam and Baison 
2003). The Niño3.4 region (1856–2013; 5°N to 5°S, 120°W to 170°W) annual sea 
surface temperature (SST) anomalies were used to represent ENSO variations. The 
Niño3.4 values were used because this region has been shown to provide a stronger 
response to fire conditions than other regions (Hanley et al. 2003) and is currently 
monitored by the National Oceanic and Atmospheric Administration (NOAA). Fire 
chronologies were compared with AMO using annual SST anomalies monitored in the 
North Atlantic Ocean (1856–2013; Kaplan et al. 1998). The annual SST anomalies in the 
North Pacific Ocean (1900–2013; poleward of 20°N; Mantua et al. 1997; Mantua and 
Hare 2002) were used to represent cycles of PDO. Finally, precipitation, temperature, and 
PDSI from Mississippi Climatic Division 9 (1895–2014; NCDC 2014) were used to 
represent the regional climate along with self-calibrated PDSI (scPDSI) (1872–2012; Dai 
et al. 2004). The scPDSI improves upon the PDSI by calculating moisture departures and 
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climate characteristics with more emphasis on spatial location (Wells, Goddard, and 
Hayes 2004). 
3.2.5 Fern Gulley Ridge Spatial Frequency 
 To explore the fire regime at FGR further, a script was written in Python to create 
a visual spatial frequency of the study site. The script draws a polygon to represent each 
fire recorded by at least three samples. The polygons were then stacked and counted 
creating a shapefile with a spatial frequency field.  
3.2.6 Recent Accuracy of Fire Scar Record in Fern Gulley Ridge 
 The accuracy of the fire scar during the last decade can be assessed by comparing 
the records kept by the De Soto Ranger District. Both point and polygon shapefiles have 
been provided that represent prescribed fires and wildfires that occurred from 1993 to 
2012. We compared the dates of the GIS files with the recorded year and season on each 
sample during the time period.  
3.3 Results 
3.3.1 Fern Gulley Ridge Fire History 
 The chronology of fire scarred samples from the Fern Gulley Ridge (FGR) site 
extended from 1760 to 2013. Only two samples at FGR had open scar faces (recorder 
year fire scars), thus the majority of scars were classified as internal or buried scars. 
There were a total of 63 (53 of which were internal) recorded scars representing a 42 
separate fire events. Biannual burning, evidence of two fire scars in one calendar year, 
was discovered on one sample (FGR100; Figure 5). 
 The MFI at FGR was 5.9 years for the composite chronology during the entire 
study period (1760–2013). The WMPI is shorter at 3.7 years during the chronology. The 
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interval distribution is positively skewed because over 40% of the intervals are less than 3 
years. The positive skewness is greatest during the pre-settlement period 1760–1880. The 
MFI was 4.9 years (WMPI = 2.8) during this time. The MFI increased during the logging 
period (1880–1935) to 6.9 years (WMPI = 4.8). During the years following the 
establishment of DSNF (1936–1979) at FGR, the MFI increased to 8 years (WMPI = 
5.8). The MFI decreased to its lowest point during the most recent period (1980–2013) of 
prescribed burning (MFI = 3.4; WMPI = 3.0).  
We have identified a period from the fire chart of 1840 to 1880 as likely 
representative of the historical fire regime. A consistent MFI of 1.7 years was observed 
over the 40-year period, which included the biannual burning mentioned above. This 
period is significantly different (p < 0.05) than the prescribed burning period (1980–
2013). Considering intervals of less than one year, the MFI is even lower at 1.4 years.  
 
Figure 5.  This image is a close up of the first evidence of biannual burning in DSNF on 
sample FGR100. The first fire represented with a triangle is in the dormant season of 
1856. Three years later, a transition season fire occurs in 1859 followed by a dormant 
season fire in the same year. In 1860, a transition season fire occurs again. A microscope 
was needed to properly identify the scars.  
1856 
1857 1858 1859 1860 
3 mm 
  
Figure 6.  Fire history chart showing fire occurrence at FGR for each sample. Each line 
represents a sample with the length and location representing the years. Each tick mark 
represents a fire scar on that sample. 
 
 The spatial extent of fires in FGR varies betw
chronology. The MFI for fires with 
1879. Following that period, there are only two intervals with 
The MFI for fires with ≥ 50% of samples sc
are not enough intervals between fire events with 
following years to calculate MFI
 The season of fire occurrence was identified
seasonality is shown in Table 1
growing season (E, T and L = 57%). This pattern is true for the period prior to 1880 
(66%), the logging period (83%), and th
(75%). In the years since 1980, dormant season fires have become more prevalent than 
growing season fires.  
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Table 1 
FGR Fire Intervals and Seasonality 
All Years 1760–1879 1880–1935 1936–1979 1980–2013 
Fire Intervals 
MFI 5.9 4.9 6.3 8.0 3.4 
WMPI 3.7 2.8 4.8 5.8 3.0 
Seasonality 
Growing 
Season % 57 66 83 75 31 
Dormant 
Season % 43 35 17 25 69 
  
 
Figure 7. Chart displaying the sample depth and the percent of sample scarred in a fire 
year. The vertical bars represent the present scarred and the line represents the sample 
depth.  
 
 The percentage of samples scarred ranged from 6% to 100%. The 100% values 
were recorded in 1771 and 1772 where there is only one valid sample. The 83% values 
were recorded in 1968 and 2004. A large fire that opened a catface on several of the 
samples occurred in 1968. A catface or scar face is a fire scar that opens bark leaving 
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exposed wood. The 2004 scars correspond with a known prescribed fire administered by 
the U.S. Forest Service. With a sample depth ranging from four to nine, fire years with 
less than 25% of sampled scarred recorded 24% dormant season fires. With a sample 
depth ranging from one to nine, fire years with more than 25% of samples scarred 
recorded 54% dormant scars. 
 The results of the Python script do not provide a useful image to visualize fire 
frequency at FGR. The sample points are not distributed evenly across the study site. The 
polygons created are elongated because two groups of sample points (one in the NW 
corner and one in the SW corner) are generally responsible for all fire polygons. There 
were a total of five fires recorded by at least three sample points with a spatial frequency 
ranging from one to four fire events. 
3.3.2 Death Scar Valley Fire History 
 The chronology of fire scarred samples at the Death Scar Valley (DSV) site 
extended from 1760 to 1939. Similar to FGR, only three samples had open scar faces and 
a large number of internal scars were recorded. There were a total of 69 (53 of which 
were internal) recorded scars representing 47 separate events. We identified evidence of 
biannual burning on two samples at DSV. Sample DSV108 recorded eleven fires in a six-
year time span (Figure 8).  
 The distribution of fire intervals at DSV was also positively skewed. Over 60% of 
the intervals were less than three years. The WMPI is 2.3 years for the composite while 
the MFI is 3.0 years. FGR has a MFI of 6.4 years (WMPI = 3.7) during the same period. 
During the period prior to 1880, the MFI was lower than the composite (MFI = 3.8; 
WMPI = 2.8). The MFI decreased during the logging period (1880-1935) to 2.0 years 
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(WMPI = 4.8). This time period has the last recorded fire scars collected at DSV. We 
have identified the period of 1863 to 1919 as the period most representative of the 
historical fire regime (Figure 8). There is a MFI of 1.9 years which is statistically 
different (P < 0.05) from the forest management period found in FGR. If you consider 
intervals of less than one year, the MFI is 1.6 years. 
 
Figure 8. This image is a close up of evidence of biannual burning in DSNF on sample 
DSV108. The first fire represented with a white triangle is in the transition season of 
1881. The next fire is in the same year during the dormant season. There are transition 
season fires in 1882 and 1883 followed by a dormant season in 1883. This image is just a 
sample of the consistent biannual burning during the 1880s.  
1881 
1883 1882 1884 
3 mm 
  
Figure 9.  Fire history chart showing fire occurrence at 
description for Figure 6 
 
 The spatial extent of fires in DSV is greater than that of FGR especially in the 
period prior to 1880. The MFI for fires with 
composite. This value is less than two years difference from the MFI of all fire 
samples (MFI = 3.0). There is not a value for 
only three samples that reach the criteria. Similar to FGR there are not enough fires with 
≥ 25% of samples scarred to calculate MFI beyond 1880. The period of time 
1880 includes all spatially large fire occurrences in DSV. 
 The season of fire occurrence was identified on 
is shown in Table 2 below. The majority of all fire scars were identified in the growing 
season (E, T and L = 59%). This pattern is true for the period prior to 1880 (
logging period (52%). Seasonality was consistent throughout the chronology. 
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≥ 25% of samples scarred is 4.5 years for the 
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Table 2 
DSV Fire Frequency and Seasonality 
All Years 1760–1879 1880–1935 
Fire 
Intervals 
MFI 3.0 3.8 2.0 
WMPI 2.3 2.8 1.9 
Seasonality 
Growing 
Season % 59 63 52 
Dormant 
Season % 41 38 45 
 
 
 
Figure 10. Chart displaying the sample depth and the percent of sample scarred in a fire 
year. The vertical bars represent the present scarred and the line represents the sample 
depth. 
 
 The percentage of samples scarred ranged from 9% to 50%. The 50% values were 
recorded in 1780, 1781, and 1919. There was only a sample depth of two for 1780 and 
1781. The sample depth was four during the 1919 fire. There is not a discernable pattern 
of seasonality as compared to sample depth or percentage of samples scarred.  
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3.3.3 Climate-Fire Relationships 
 The lack of years in the fire chronology that overlapped with the climate data 
caused the climate-fire relationship results at DSV to be inconclusive. However, the 
relationship of fire and ENSO, AMO, and scPDSI did exhibit evidence of climate driven 
fire at FGR. In an effort to discover if fire event seasonality would affect the SEA results, 
combinations of seasonality were analyzed. When fire events occurring during all seasons 
were compared to climate data using SEA, the results were neither significant nor 
consistent. The removal of dormant season fire events produced the most convincing 
results of the climate-fire relationship. Three and two years prior to a fire event, the mean 
SSTs in the Niño3.4 region were above average indicating a wetter climate. This 
relationship was significant (p < 0.05) at three years prior to fire events. During the year 
of the fire event, the mean SSTs are below average but are not significant. A negative 
phase of AMO is present at three and two year lags indicating wetter conditions. A 
positive phase is present one year prior, during the fire event year, and during following 
year. PDO has a positive phase during fire events and a negative phase in the years prior. 
The negative phases in the years prior (the one and two year lags) are both significant (p 
< 0.05). 
 There is not a discernable pattern present in the SEA analysis using the 
Mississippi Climate Division 9 data. The relationship between fire events and scPDSI 
follows the same general pattern as the ENSO results mentioned above, but there are no 
significant SST deviations from the mean. Figure 11 shows a chart representing each of 
the SEA analysis results. 
  
Figure 11. These charts represent the SEA analysis results. The bars represent the 
deviation from the mean from three years prior to one year after a fire event. The lines 
represent the 95% percentile confidence intervals for the random simulations.
date of each analysis is next to each graph and the end dates are 1985. 
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3.3.4 Accuracy of Fire Record 
 There were four fires at FGR that were recorded through fire scars during the 
period of time covered by the prescribed fire and wildfire shapefiles (2001D, 2004D, 
2008D, and 2011D). The 2001, 2004, and 2008 fires were all recorded as prescribed fires. 
The date of burn occurred early in the following year during the dormant season. There 
was not a prescribed fire coving the area during the 2011 fire. The closest wildfire was 
centered 5.67 kilometers to the west.  
3.4 Discussion 
 The results of this research were limited by the lack of fire scarred samples 
available for extraction from DSNF. The historical removal of remnant material caused 
the exclusion of valuable fire scar records. The resistance of longleaf pine to fire reduced 
the overall number of fire scars. For these reasons, the overall regime presented is likely 
an underestimation of reality, and this is a common limitation of any dendrochronology-
based fire history study. The three samples indicating biannual burning are evidence of 
this underestimation. The biannual burning is recorded in the sample on what were large 
open catfaces that closed. This phenomenon has only been recorded through fire scars 
once before (Stambaugh, Guyette, and Marshall 2011). The large number of internally 
recorded scars indicates that low intensity fires were not able to scar the trees without 
open catfaces. The period of time in both sites with the biannual burning represents the 
likely historical fire regime. 
  This study confirms that a frequent fire regime was present in DSNF prior to 
establishment and management by the US Forest Service. Since climate has only a weak 
relationship with fire events, humans likely had more of an influence on historical fires. 
  
The most frequent fire interval in F
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Figure 12. Fire chart with samples from FGR stacked on top of sample from DSV. The 
box at the top right represents the management period (1968 to 
give the best representation of the historical fire frequency at each site. 
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logging period (1880–1935). At FGR, the MFI is lower prior to logging (4.9 years) and 
higher in the logging period (6.3 years). During this period, a transition occurred on the 
landscape from cattle herding to logging, but the transition was neither universal nor 
immediate (Earley 2004). The FGR site is within close proximity (ca. 5 km) to the land 
office in Augusta, Mississippi (known colloquially as Old Augusta), but DSV is an 
additional 24 km to the south. As one of the oldest settlements in the region, the 
proximity of FGR to Old Augusta might have contributed to shorter interval in the pre-
logging period. More time may have been necessary for fire intervals to be influenced by 
European settlers at DSV as this site is located further away from the population center of 
Old Augusta. 
 The broad introduction of logging represents a transition from cattle herding to 
logging, but the transition occurred gradually across the landscape. The purchase of land 
was limited to 32 ha by the Southern Homestead Act of 1866, making the process of land 
speculation for logging difficult. This act was repealed in 1876 and opened the door for 
speculators (Earley 2004). The subsequent increase in logging took several decades to 
reach all areas of DSNF. Open-range cattle herding was still broadly present in the area 
even during the period of logging; although logging certainly decreased the impact of 
cattle herding. Open-herding practices were not banned in Mississippi until 1968 (Pitts 
and Sponenburg 2010).  
 The next two time periods represent the calculated effort of humans to influence 
the fire regime. During the period 1936–1979 the MFI was 8.0 years, which indicates that 
the period of fire suppression was identified correctly. The following period of prescribed 
burning (1980–2013) has a MFI of 3.4 years. This period indicates that the emphasis on 
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prescribed burning in the last several decades has created a fire interval closer to the 
historical interval.  
 The weak fire-climate relationship observed at FGR provides evidence that the 
influence of climate on fire in DSNF is likely masked by anthropogenic influences. 
Climate certainly has an influence on fire regimes, but the effect cannot be fully 
discerned because humans were likely igniting incendiary fires for a variety of reasons 
(i.e. clearing brush, insect reduction, boosting gramminoid reproduction for livestock). 
However, there is some evidence that dry periods were present during the most frequent 
fire intervals. During the periods of biannual burning in the 1850s and 1880s, the area 
around DSNF experienced below average PDSI according the North American Drought 
Atlas (NADA; Cook et al. 1999). The NADA consists of grid-point drought 
reconstructions across the United States located at 2.5° intervals. Each grid point has an 
associated historical PDSI time series that has been reconstructed through tree-ring 
chronologies. The four points that are closest to the DSNF reveal the dryer conditions 
present in the area during the biannual burning periods. Additionally, the period prior to 
the 1880s biannual burning is wetter than average suggesting that the forest might have 
been preconditioned with more growth (Cook et al. 1999; Cook and Kusic 2004). The 
correspondence with wet and dry periods revealed by the NADA in the region provides 
independent evidence of the influence of climate on historical fire in DSNF.   
 Although there are some synchronous fire years between study sites, most of the 
matching scars were recorded in different seasons. There were seven instances of 
matching fire years yet only two were recorded during the same season (1790—Dormant 
Season; 1900—Earlywood). Thus, some of the recorded fires could have been 
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synchronous between sites. Historical fires in a longleaf pine forest were known to be fast 
moving, possibly covering a large amount of territory quickly (Earley 2004). However, 
the inconsistency between seasons and the presence of biannual burning makes it difficult 
to determine if synchronous fires existed. If biannual burning occurred within DSNF, 
fires recorded in different season were indisputably separate fire events. One way of 
suggesting synchronous fires between FGR and DSV would be to collect additional fire-
scarred material at locations between the two sites. However, the lack of viable samples 
between the sites removes the possibility of exploring this issue further.  
 While the input data of the Python script did not produce the expected results at 
FGR, this code could be applied in sites with more evenly distributed sample sites. The 
code was successful at converting sample points into polygons and counting the number 
of overlaying polygons. The script could be the first step to creating a method capable of 
quantifying the spatial frequency of fire within a study site. This script could be applied 
to previous studies in such as Stambaugh, Guyette, and Marshall (2011) and Flatley et al. 
(2013) to test its efficacy at other sites.  
 The first evidence of biannual burning was recorded in 1859 at FGR. Loggers 
would often burn the forest prior to logging to create a more open landscape conducive 
for logging equipment and safety (Earley 2004). Yet, widespread logging did not begin in 
the area until ca. 1880. Rather, cattle herders who wanted to enhance the diet of their 
herds more likely caused the frequent fire activity during the 1850s. Cattle herders began 
moving into southeastern Mississippi from areas such as South Carolina and Georgia 
starting in the late 1700s. Cattle in the area fed on a number of indigenous plants such as 
wild oats (Avena fatua), peavine spp. (Lathyrus aphaca and Lathyrus hirsutus), rye grass 
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(Lolium perenne), and wire grass (Aristida beyrichiana) (Israel 1970). Burning increased 
the amount of protein, phosphorus, and calcium in the forage used for grazing (Komarek 
1974). When most of the forage died or went dormant during the winter, cane brake 
became the most important plant. Unlike today, small cane (Arundinaria tecta) and giant 
cane (Arundinaria gigantean) were ubiquitous on the landscape during the period of 
biannual burning. Cane brake would grow near the streams around southeastern 
Mississippi. The new growth of cane brake following a burn was tender and nutritious for 
the cattle (Israel 1970). However, the increased value of nutrition only lasted a few 
months following a burn (Komarek 1974), thus likely prompting subsequent fire activity 
from herders. The instances of biannual burning generally occurred during the transition 
season (May–July) and the following dormant season (Nov–Feb). Cattle herders may 
have been burning to increase the nutritional value of forage in areas that were repeatedly 
grazed.  
 The seasonality of fire scars suggests that growing season fires are historically 
more prevalent than they are today. All recorded scars that were confirmed to be 
prescribed burns were recorded in the dormant season. The record of growing season 
fires in the 1800s and biannual burning could be explained with the following scenario. 
Herders could have been grazing cattle on cane brake in the winter and burning the area 
after the cattle migrated to another location of the open range.  Next spring they could 
return to area to graze on array of flora including cane brake. After leaving, they could 
burn the area again so that nutrient rich cane brake would be present in the winter. This 
scenario would explain the high frequency of fire activity and the occurrence of biannual 
burning revealed in the fire record.  
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All of the biannual burning was recorded during years following a visual 
ecological release in the growth rings of tree samples. This release, which is present in 
nearly all of the samples, occurs during one of three time periods (1850s, 1880s, or 
1910s) in the chronology (Figure 13). The releases are evident on a majority of the 
samples suggesting that they were caused by a wide spread event such as a stand 
replacing fire. Logging increased fire fuel availability in the form of debris left by loggers 
(e.g. branches, logs). Further, logging activity would have created open canopy 
conditions, increasing the light reaching the forest floor. This, in turn, would have lead to 
increased biomass, and hence likely increased fire intensity. Without this release, 
distinguishing multiple fire scars within one ring would be more difficult. Biannual 
burning was probably present during a longer portion of the record than what was 
discovered. The PDSI data suggest that dry periods may have been necessary for biannual 
burning to occur. For a fire-resistant longleaf pine (e.g. thick bark) to record biannual 
burning, a tree would likely need to be going through a release and have an open catface.   
  
Figure 13. These samples represent the ecological growth release seen in most of the 
chronology samples. The top left is DSV104, the bottom left is 
FGR100, and the bottom right is FGR27.
images.  
 
 A more complete record of fire can be obtained by focusing on the height 
which a stump is sampled
biannual burning six inches above the bottom of the cut. The sample was sanded twice to 
help make the biannual clearer. The second sanding made some of the fire scars visibly 
smaller, and there was concern that they would not be vi
DSV104 
DSV120 
DSV120, the top right is 
 The scale in the center is valid for all four 
. The sample with eleven scars in six years did not record 
sible at all after the second 
FGR100 
FGR27 
10 mm 
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sanding. Taking the time to cut the stump at the lowest possible location can provide a 
better record of fire if the fire regime has a tendency to have low intensity fires.  
The historical fire regime in DSNF may be more frequent than originally thought. 
The multiple records of biannual burning suggest that settlers were burning at rates never 
recorded before. The historical fire regime is significantly more frequent (p < 0.05) than 
that of the current rate of burning. This study suggests that the addition of more frequent 
prescribed burns and growing season burns could help reclaim some of the lost area of 
longleaf pine savanna. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
46 
 
 
CHAPTER IV 
SUMMARY AND CONCLUSIONS 
4.1 Fire Regime 
 The historical fire regime in DSNF is more frequent than the most recent fire 
regime during the management period. Fire intervals were as low as half a year (biannual 
burning) during some points in the chronology with the presence of biannual burning. 
The historical periods following to the establishment of DSNF indicate longer intervals 
until prescribed burning was implemented in the 1980s. The short interval prior to the 
establishment is consistent with the most recent longleaf pine fire history in Louisiana 
(Stambaugh, Guyette, and Marshall 2011) which also recorded the biannual burning. 
 Fire frequency changed over time in DSNF. The MFI prior to logging (1760–
1879) and during the logging period (1880–1935) are 4.9 years and 6.3 years at FGR, 
respectively. After the establishment of DSNF (1936–1979), the MFI increases to 8.0 
years. The most recent period characterized by prescribed burning (1980–2013) shows a 
shorter interval of 3.4 years. Fire frequency over the prescribed burning period is 
significantly different than the historical regime described in this study (p < 0.05). The 
MFIs of 1.7 years (1840–1880) recorded at FGR and 1.9 years (1863–1919) recorded at 
DSV represent a frequent interval that would be difficult to recreate today with the 
increase in population and habitat fragmentation created by roads and fire breaks. 
 Fire seasonality and extent have changed over time as well. The historical fire 
regime consists of more transition season fires. Most of the fires prior to 1980 occurred 
during some point within the growing season. Since 1980, most fires have been recorded 
in the dormant season. This change is likely due to the pattern of dormant season 
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prescription burns implemented in DSNF during the last 35 years. Prior to 1980, 
prescribed burns were not commonly used. 
 The data suggest that the spatial extent of fires may have been decreasing over 
time. The period prior to 1880 contained the lowest MFI for both sites with only 
considering fires that scarred ≥ 25% of the samples. There were not enough intervals 
during any of the other periods to compute a MFI. Before networked infrastructure such 
as roads and railroads were constructed, fires could have carried over large distance with 
minimal impedance. 
 Fires may have been able to travel across broad distances of the landscape quickly 
in the past resulting in synchronous fires between the two study sites which are 
approximately 24 km apart. The data suggest that fires might have been occurring 
simultaneously at FGR and DSV, however, separating synchronous fires from the known 
entities of biannual burning and seasonal differences between matching fire years is 
difficult. There is not a clear record of multiple samples within the study sites recording 
the same fire year and season. The fires that are recorded in the same year but different 
seasons between the sites could be a product of biannual burning. 
4.2 Fire-Land Use Relationship 
 The people who lived in the area now identified as DSNF used the land for cattle 
herding in the 1800s (Israel 1970), a time period coeval with the most frequent fire 
intervals in the record. Frequent fire intervals were necessary to provide the cattle with 
the most nutrient rich grazing material year round (Komarek 1974). Cattle herders would 
have been able to benefit from the open landscape and the enhanced flora created by 
frequent fire intervals.  
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 Fire intervals may have been shorter as unintended consequences of turpentine 
extraction. This process exposed the flammable resin to the longleaf pine stands 
increasing the necessary fuel of fires. The intensity of turpentine fueled fires was greater 
than that of normal fires. These fires could be ignited with lightning easily (Earley 2004). 
The higher intensity fires that results could have destructed the economic value of the 
longleaf pine stands.  
 Widespread logging that occurred from the 1880s to the early 1900s could have 
had an influence on fire as well. The debris that remained after the old-growth longleaf 
pine stands were logged would have provided an increase in fuel (Earley 2004). Fires in 
these areas could have been more intense and destructive due to this increase.  
4.3 Fire-Climate Relationship 
 The weak relationship discovered between fire and climate variables in DSNF is 
not what was expected based on known influences of ENSO, PDO, and AMO on climate 
in the Southeast U.S. The relationship between ENSO and fire does provide evidence that 
global oscillations influence fire in DSNF but to a lesser degree than expected. The 
similar pattern shown through the scPDSI relationship is more evidence that climate’s 
impact on fires in DSNF is overshadowed by more important factors such as historical 
land use practices. 
4.4 Summary 
 I have presented the first fire history study completed in Mississippi, and hence 
the first step towards understanding the historical fire regime in DSNF. The prescribed 
burning implemented in DSNF has been based off of limited fire regime data. We now 
know that the historical fire regime in DSNF is not similar to the fire regime today. The 
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fire regime of the past with biannual burning and growing season fires would be difficult 
to recreate given the increase in population and cost of prescribed burning.   
 The data suggest that fire was influenced by settlement and land use practices to a 
greater extent than climate. Climate still influences fire in DSNF, but the impact is not as 
broad as was expected. Dry conditions are needed for fire to carry across the forest and 
NADA data suggest that those conditions were present during the periods with the 
shortest fire intervals (Cook and Kusic 2004). We know that people were burning the 
forest since before Europeans arrived. Native Americans burned the forest to open the 
landscape, clear cropland, and remove pests (Sheppard 2001). DSNF personnel now burn 
the forest to maintain the longleaf pine ecosystem. During each time period observed in 
this study, humans had motivation to burn the forest for (1) clearing the landscape and 
hunting (Native Americans and early European settlers), (2) increasing plant nutrients for 
cattle and sheep (Scot-Irish), and (3) making the land more conducive for logging 
practices and turpentine operations. Yet, fire exclusion and suppression during the 20th 
century has caused the reduction of the longleaf pine ecosystem in DSNF (De Soto 
Ranger District 2011). 
 This study was able to determine the historical fire regime and explore the 
influences of land use. This study demonstrates that the historical fire regime has not 
been simulated in the present with prescribed burning. To fully understand the fire 
regime, fire history research needs to be completed in locations with similar ecosystems 
and historical land use. A repeat of this study in the piney woods of Alabama or using 
other sites in DSNF (if stumps and logs with fire scars can be found) is crucial to 
understanding what patterns in the data are caused by sample availability. This study 
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confirmed the ability to conduct a fire history using samples from fire resistant longleaf 
pine. The fire record provided is temporally and spatially extensive, especially given the 
lack of fire-scarred samples in the region. Based on fire regime information gleaned by 
this study, burning the forest as often as possible would be the first step towards 
simulating historical landscape conditions and fire activity. 
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